␤-Galactosidase enzyme expression can be detected in trigeminal ganglia and a 10-fold difference in latently only a small percentage of trigeminal ganglia (TG) neurons infected trigeminal ganglia. Thus, there is a discordance acutely and latently infected with herpes simplex virus between ␤-gal mRNA and ␤-gal enzyme levels in (HSV), in which the lacZ reporter gene was placed down-HFEM/LAT-lacZ infected cells during acute and latent stream of the latency associated transcript (LAT) promoter infection, and the ␤-gal reporter gene activity does not at the LAT locus. However, DNA quantification suggests faithfully compare the LAT promoter activity between acute that a larger percentage of cells is infected than is expressand latently infected tissue. In contrast, in situ hybridization ing ␤-galactosidase enzyme. To investigate the mechand histochemical staining assays were performed in mice anism involved in regulation of genes expressed from the acutely infected with a virus in which 140 bp of the LAT LAT promoter in trigeminal ganglia, in situ hybridization promoter sequences flanking the TATA element were and histochemical staining assays were employed to deterreplaced by 1.8 kbp of the neurofilament promoter (HSVmine on a cell-by-cell basis ␤-gal gene expression both at 1 HFEM/NF-lacZ). This construct showed a correlation the RNA and protein level. Using a LAT promoter-driven between ␤-gal mRNA and enzyme expression in trigeminal ␤-gal construct in HSV-1 strain HFEM, it was found that ganglia in acute and latent infections. These findings sugthere were 89-fold more cells positive for ␤-gal transcript gest that sequences at the 5′ end of the ␤-gal transcript than cells positive for ␤-gal enzyme in acutely infected influence translation of the ␤-gal message.
Introduction
large (approximately 8.5 kb ) precursor RNA to yield an Herpes simplex virus type-1 (HSV-1) undergoes promRNA that does not accumulate to high levels and has ductive and latent infection in a variety of peripheral and yet to be positively identified. 20, 21 LAT deletion studies central nervous system neurons. [1] [2] [3] [4] Productive infection is suggest that LAT RNAs play a role in facilitating viral characterized by active viral protein synthesis and DNA reactivation from latently infected neurons. 22, 23 replication. During latent infection, a characteristic highly Expression of LAT region RNA is not essential, 19,21 but restricted pattern of viral gene expression is observed. 1 it may affect the efficiency with which a latent infection HSV-1 DNA can be detected in both peripheral nervous is established. 24 system (PNS) and central nervous system (CNS) of latElements of the promoter responsible for LAT ently infected mice 5 and humans. 6 The viral genome perexpression during latency have been identified and sists as a circular episome 5, 7, 8 condensed into a chromacharacterized. The region immediately upstream of the tin-like structure in latent neurons. 9 No viral proteins are major 2 kb LAT sequence is devoid of the TATA consendetectable in latently infected cells; 3, 10 however, transcripsus element generally found about 30 bp upstream from tion from one region of the viral genome, producing the the transcription start site of many eucaryotic genes. latency associated transcripts (LATs) can be detected.
11,12
However, there is a TATA box homology present The LATs are encoded in an approximately 10 kb region approximately 700 bp upstream of the 5′ end of the major of the viral genome beginning in the long repeat regions 2 kb LAT. 25 Deletion of this TATA box and other associaand crossing the joint regions of the genome.
11-15 The ted upstream elements in recombinant viruses results in most abundant LAT RNA detected appears to be a stable undetectable levels of LAT region transcripts during lat-2 kb species that accumulates in large amounts in PNS ent infection. 25, 26 In addition, a recombinant virus in as well as CNS tissues of mice 16 and humans. [17] [18] [19] The which the rabbit ␤-globin gene was inserted 26 bp downstream of the TATA box produced ␤-globin-specific mRNA in latently infected sensory neurons of the PNS.
element, a sequence homologous to the adenovirus MLTF was performed to confirm the viral construct of HFEM/NF-lacZ ( Figure 2 ). element USF, and a neuronal enhancer region.
Using recombinant viruses containing LAT promoterlacZ gene fusions such as KOS/62-3, Margolis et al 34 were Histochemical analysis of ␤-gal activity during acute and latent infections able to show that early in the course of an acute neuronal infection, less than 0.2% of neurons that contained viral
The mouse corneal scarification route was used to infect mice trigeminal ganglia (TG) with recombinant viruses antigen also expressed LAT promoter-driven ␤-galactosidase indicating an unusual regulation of LAT promoter HFEM/LAT-lacZ and HFEM/NF-lacZ. 6 Recombinant ␤-galactosidase activity in the TG of mice infected with expression. They showed that the level of LAT expression is dependent, at least in part, on the type of neuron that HFEM/LAT-lacZ and HFEM/NF-lacZ was determined as described in Materials and methods. Mouse corneas becomes infected. 34, 35 In addition, it has been reported that the DNA encoding the LAT transcription start site were inoculated with 7 × 10 5 p.f.u. (5 l) of recombinant virus. Trigeminal ganglia were removed from the anicontains a sequence which resembles the ICP4 consensus DNA binding site and that this site allows ICP4-mediated mals at 4 (acute phase) and 42 (latent phase) days after infection. It has been reported that for many recombinant down-regulation of the LAT promoter in transient assays 36, 37 and in vivo. 37, 38 Thus, the LAT transcription viruses, the transcription of the lacZ gene decreases or shuts off as the virus enters a latent state but the ␤-gal start site plays a substantial role in repression of the LAT promoter activity during acute infection in vivo.
protein remains detectable for some time because of its high stability. 41 Thus, latently infected TG were harvested In order to examine further the LAT promoter regulation during acute and latent infection in vivo, we have at 42 days after infection, which would allow for turnover of the protein. TG were fixed and stained with X-gal and constructed two recombinant viruses, HFEM/LAT-lacZ and HFEM/NF-lacZ, in which the lacZ reporter gene was subsequently embedded in paraffin. Sections 5 m thick were cut and observed in the light microscope ( Figure 3 ). placed either downstream of LAT promoter (HFEM/LAT-lacZ) or downstream of neurofilament proFor TG acutely infected with recombinant viruses, at 4 days after infection, there were a large number of cells moter (HFEM/NF-lacZ) inserted at the LAT promoter locus. In situ hybridization and histochemical staining positive for ␤-gal enzyme activity in HFEM/NF-lacZinfected tissue ( Figure 3a ) and a small number of cells were employed to examine ␤-gal mRNA and enzyme expression on a cell-by-cell basis in trigeminal ganglia positive for ␤-gal enzyme activity in HFEM/LAT-lacZinfected tissue (Figure 3c ). However, the results obtained acutely and latently infected with HFEM/LAT-lacZ or HFEM/NF-lacZ. Surprisingly, there was great discorfor TG latently infected with these recombinant viruses were different. During latent infections, HFEM/NF-lacZ dance between the lacZ mRNA and lacZ enzyme expression in HFEM/LAT-lacZ, but not in HFEM/NFfailed to express ␤-gal activity (Figure 3b) , and HFEM/LAT-lacZ expressed ␤-gal activity (Figure 3d ) in lacZ. The data suggest that there may be post-transcriptional or translational regulation which is responsible for only a small number of cells. In addition, we noted more cells with cytoplasmic diffused staining and less cells the low levels of ␤-gal enzyme detected from the LATlacZ transcript during acute infection of HSV-1 strain with a speckled pattern (data not shown), in contrast to previous studies. 42 HFEM/LAT-lacZ. Quantitative analysis was carried out with a group of acutely or latently infected trigeminal ganglia from mice Results inoculated via the cornea with either HFEM/LAT-lacZ or HFEM/NF-lacZ. The number of cells expressing ␤-gal were counted by examining whole mounts which were Construction of recombinant viruses HFEM/LAT-lacZ and HFEM/NF-lacZ subsequently cleared and pressed as described in Materials and methods. The results are presented in The genome of the HSV-1 strain HFEM contains a 4.1 kb deletion in the IR L region of the genome. Thus, HFEM Table 1 . In trigeminal ganglia at 4 days after infection, the average number of cells positive for ␤-gal activity was encodes only one copy of the latency associated transcript (LAT) gene in the TR L region. 39 HFEM was used as the eight for HFEM/LAT-lacZ and 360 for HFEM/NF-lacZ. In contrast, in trigeminal ganglia at 42 days after infecparental strain to construct HFEM/LAT-lacZ and HFEM/NF-lacZ viruses. The genomic structures of tion, the average number of cells positive for ␤-gal activity was four for HFEM/LAT-lacZ, and zero for HFEM/LAT-lacZ and HFEM/NF-lacZ are shown schematically in Figure 1 . The detailed construction of HFEM/NF-lacZ. The finding that there are only a small number of cells expressing ␤-gal in trigeminal ganglia HFEM/LAT-lacZ has been previously documented. 40 In HFEM/LAT-lacZ, the lacZ reporter gene replaced the 1.2 infected with HFEM/LAT-lacZ during acute infection is consistent with the finding of Margolis et al, 33 who kb LAT sequences between StyI and BstEII sites in the TR L LAT region of HFEM. The lacZ reporter gene of this showed that expression of ␤-gal in KOS/62-3, a virus in which ␤-gal is driven by LAT promoter inserted at the virus was about 100 bp downstream of the LAT TATA box.
gC locus, is detected in only a small percentage of the productively infected neurons. It is possible that tranTo construct the HFEM/NF-lacZ virus, the NF promoter and the lacZ reporter gene were inserted into the scriptional or RNA transport mechanisms could also account for these differences. LAT region replacing the 1. 
genome (HFEM strain) and two recombinant viruses (HFEM/LAT-lacZ and HFEM/NF-lacZ). (a) The HFEM viral genome consists of a long unique region (U L ) and a short unique region (U S ). The unique regions are bounded by inverted terminal repeat regions (TR L , IR L , IR S , TR S ). HFEM contains a 4.1 kb deletion in the TR L region of the genome. (b) The 3.9 kb XhoI-SalI fragment containing the LAT promoter region in the long terminal repeat. (c) Two recombinant viruses showing the E. coli ␤-gal gene insertion at the latency associated transcript (LAT) locus. In the construct of HFEM/LAT-lacZ, the lacZ reporter gene was replaced by the viral sequences between StyI and BstEII; In the HFEM/NF-lacZ construct, the neurofilament-L promoter and lacZ cassette was substituted for the viral sequences between PmlI and BstEII sites. The only viral sequence difference between these viruses is the 140 bp sequence between PmlI and StyI which is absent in HFEM/NF-lacZ.
both acute and latent infection. In order to determine acute and latent infection was not due to differences in entry at the periphery, transport to, or replication in the whether this difference was due to the different ability of these two viruses to replicate in the trigeminal ganglia, nervous system. spot blot hybridization was employed to measure HSV-1 DNA levels. Wild-type HFEM, HFEM/LAT-lacZ or
In situ hybridization of ␤-gal mRNA during acute and latent infection HFEM/NF-lacZ were inoculated via the corneal scarification route with the same viral dose (7 × 10 5 p.f.u. per In order to compare ␤-gal enzyme expression with ␤-gal mRNA expression from recombinant viruses in trigemeye). Three pairs of TGs from mice acutely (4 days after infection) and latently (42 days after infection) infected inal ganglia, in situ hybridization was employed to measure ␤-gal mRNA expression in HFEM/LAT-lacZ and with HFEM, HFEM/LAT-lacZ or HFEM/NF-lacZ were pooled. DNA was extracted and treated as described in HFEM/NF-lacZ. Four mice from each group were infected with HSV-1 strain HFEM, HFEM/LAT-lacZ or Materials and methods. Results of such an analysis are shown in Figure 4 . The radioactivity present in the spots HFEM/NF-lacZ via the corneal scarification route. Trigeminal ganglia were removed, fixed and sectioned at the was quantified by exposing the blots on a Molecular Dynamics PhosphorImager and analyzing the resulting acute stage (4 days after infection) and latent stage (42 days after infection). In situ hybridization was performed image with ImageQuant software. Dilutions of HSV-1 DNA of known concentration in mouse brain DNA were as previously described. 16 A 35 S-labeled probe specific for ␤-gal sequences (see Materials and methods) was used to used to plot a standard curve. Genome equivalents per cell in samples were extrapolated from the standard detect ␤-gal mRNA on sections of tissue infected with HFEM/LAT-lacZ or HFEM/NF-lacZ. The results are curve. From Figure 4 , it can be seen that during acute infection, wild-type HFEM gave 0.32 genome equivalents shown in Figure 5 .
Comparing the results of quantification of the positive per cell, HFEM/LAT-lacZ gave 0.29 genome equivalents per cell and HFEM/NF-lacZ gave 0.26 genome equivacells by in situ hybridization for ␤-gal mRNA on thin sections with histochemical staining for ␤-gal activity data lents per cell. Thus, both HFEM/LAT-lacZ and HFEM/NF-lacZ have DNA levels similar to wild-type on squashed ganglia (Table 2) , it was found that, in trigeminal ganglia acutely infected with HFEM/LAT-lacZ, HFEM in trigeminal ganglia of acutely infected mice. Compared with the HFEM DNA level during latent infecthere were a large number of cells positive for ␤-gal mRNA (Figure 5a1 ), but only a small number of cells tion (0.22 genome equivalents per cell), there were 0.17 genome equivalents per cell in HFEM/LAT-lacZ, and positive for ␤-gal activity (Figure 5a3 ). Thus, there is a large difference between ␤-gal mRNA and ␤-gal enzyme 0.17 genome equivalents per cell in HFEM/NF-lacZinfected ganglia. Thus HFEM/LAT-lacZ and HFEM/NFactivity detected in HFEM/LAT-lacZ acutely infected tissue. However, in trigeminal ganglia acutely infected lacZ-infected ganglia have similar DNA levels as trigeminal ganglia of mice latently infected with wild-type with HFEM/NF-lacZ, we detected a large number of cells positive for both ␤-gal transcripts ( Figure 5a2 ) and for HFEM. Therefore, the difference in ␤-gal enzyme levels between HFEM/LAT-lacZ and HFEM/NF-lacZ during ␤-gal enzyme (Figure 5a4 ). During latent infection, in One explanation for the difference in mRNA to enzyme activity is a difference in LAT RNA and ␤-gal mRNA after in situ hybridization with the 0.9 kb HSV-1 BstEII probe. Combined with histochemical data from ␤-gal stability. In situ hybridization measures the steady state levels of RNA and both 2 kb LAT RNA and ␤-gal mRNA enzyme staining, we compiled Table 2 .
Comparison of in situ hybridization data between are reported as very stable. 38 employed two recombinant positive for ␤-gal mRNA than cells positive for ␤-gal enzyme, similar to the result with lacZ mRNA and HSV-1 variants that each had LAT promoter-lacZ gene fusions. Immunocytochemical staining for ␤-gal protein enzyme activity in HFEM/NF-lacZ during acute infection. We believe the difference may be contributed to by was applied as the measurement to determine the regulation of the LAT promoter activity at the transcriptional the systematic difference between these two assays. During latent infection with HFEM/NF-lacZ, there was level. In both cases it was assumed that transcription of the ␤-gal reporter gene driven by the LAT promoter was neither ␤-gal mRNA nor ␤-gal enzyme expression. This indicated that the neurofilament promoter was shut off correlated with ␤-gal enzyme activity. There are several reports in the literature that lacZ during latent infection.
enzyme activity does not faithfully report transcription. When the promoter sequences of muscle acetylcholine Discussion receptor ␣-and ⑀-subunit genes were coupled to a nuclear localization signal-␤-galactosidase fusion gene as ␤-Galactosidase enzyme levels are widely used to report a reporter the limitation of nuclear localized nlacZ as a levels of promoter activity. For example, in order to disreporter gene was noted. 43 In transgenic adult mice after tinguish whether the LAT transcripts of HSV are required denervation, ␤-gal enzyme activity decreased. However, for induction of reactivation, or are important for the nlacZ mRNA measurements indicated that transgene establishment of latency, Sawtell and Thompson 24 used expression was increased in these animals. The discor-␤-gal enzyme expression to determine the number of latdance between nlacZ mRNA and enzyme activity was ently infected cells in the ganglia of animals inoculated with LATs + and LATs − HSV mutants. In a study on the interpreted as being due to increased degradation of the 34 studied the effect of a particular neuronal subtype on that the lacZ reporter gene does not accurately reflect the developmental pattern of human keratin K18. The lack the LAT promoter-driven ␤-gal expression of KOS/62-3 during productive infection and concluded that the neuof DNase hypersensitive sites within the K18 portion of the K18-lacZ transgenes indicated a chromatin state that ron plays a critical role in regulating the outcome of infection with HSV. The latent pathway of gene expression, is different from that found in K18 transgene adult animals. This different chromatin state of the K18-lacZ transin which LATs are expressed but not HSV viral antigens, was more likely to occur in neurons shown to express genes may be the cause for lacZ gene's inability to reflect the expression pattern of K18.
Figure 4 Quantification of HSV-1 DNA in trigeminal ganglia of mice. BALB/c mice were infected with HFEM, HFEM/LAT-lacZ or HFEM/NF-lacZ as described in Materials and methods, and Results. Four days, or 42 days after infection, DNA was extracted from three pairs of trigeminal ganglia for spot blotting. DNA samples and HSV-1 DNA standards were spotted on to Genescreen Plus membrane, hybridized to a total virion DNA probe, washed, and scanned on a Molecular Dynamics PhosphorImager (Sunnyvale, CA, USA). Counts per minute (c.p.m.) present in the spots were determined by using ImageQuant Software (Molecular Dynamics, Sunnyvale, CA, USA). Assuming a mass of approximately 10
the SSEA-3 epitope, and less likely to occur in neurons expressing an LD2 epitope. In addition, Farrell et al 38 conPrevious studies suggest unusual expression of the LAT promoter and possible mechanisms of action during firmed that ICP4 down-regulates LAT promoter transcription through a cis-acting element coincident with the productive infection. Several groups reported that the LAT promoter is relatively inactive in neurons under-LAT transcription start site. Thus the LAT transcription start site plays a substantial role in repression of the LAT going a productive infection with HSV-1. Mutant virus studies in vivo suggested that latent and productive pathpromoter activity in vivo during acute infection. We have replaced the LAT promoter at the LAT locus ways of HSV gene expression diverge early in the course of acute ganglionic infection. [47] [48] [49] [50] [51] [52] Margolis et al 34 studied of HSV-1 strain HFEM to examine the unusual expression pattern of the LAT promoter. HFEM/NF-lacZ was compathways of viral gene expression during the acute phase of sensory ganglionic infection with the HSV-1 variant pared with HFEM/LAT-lacZ virus for the expression of ␤-gal transcripts and enzyme activity. HFEM/NF-lacZ such as KOS/62-3 by dual immunofluorescence for the presence of ␤-gal and HSV viral antigens. They found was constructed such that a 1.8 kb mouse neurofilament-L promoter DNA fragment replaced a 140 bp LAT TATA that less than 0.2% of neurons containing viral antigen also expressed LAT promoter-driven ␤-gal and conregion of the HSV-1 virus HFEM/LAT-lacZ. This 1.8 kb neurofilament promoter regulatory element includes cluded that LAT was absent from the vast majority of acutely infected neurons. LAT accumulation in pronucleotides −1800 to +74 of the mouse NF-L gene 5′ region, and is thought to be a typical mammalian productively infected culture cells may be 1000-fold less than in latently infected neurons 52 suggesting that stringent moter. It includes a consensus TATA box which is only 30 bp upstream from its transcription start site. 53 ␤-Galcontrols are placed on LAT expression during productive infection.
actosidase and CAT reporter genes have been employed to determine NF-L promoter activity at the transcription To investigate this unusual regulation of the LAT pro- 
(a) In situ hybridization of trigeminal ganglia from BALB/c mice acutely infected (4 days after infection) with HFEM/LAT-lacZ (1) and HFEM/NF-lacZ (2). ␤-Galactosidase histochemical staining of a whole mount of TG acutely infected with HFEM/LAT-lacZ (3) and HFEM/NF-lacZ (4) at 4 days after infection. (b) In situ hybridization of trigeminal ganglia from BALB/c mice latently infected (42 days after infection) with HFEM/LAT-lacZ (1) and HFEM/NFlacZ (2). ␤-Galactosidase histochemical staining for a whole mount of TG latently infected with HFEM/LAT-lacZ (3) and HFEM/NF-lacZ (4) at 42 days after infection.
level, 53, 54 and studies with transgenic mice have shown translational level in trigeminal ganglia acutely infected with HSV-1 strain HFEM/NF-lacZ using the neurofilathat this 1.8 kb sequence contained sufficient information for brain-specific expression. ␤-Galactosidase transcripts ment promoter, it was found that there were only threefold more cells positive for ␤-gal transcript than cells were detected in most neurons in vivo. [54] [55] [56] [57] When in situ hybridization and histochemical staining positive for ␤-gal enzyme. Thus, the number of enzyme expressing cells was approximately similar to the number assays were employed to examine ␤-gal gene expression on a cell-by-cell basis both at the transcriptional and of transcript positive cells. However, with HSV-1 strain Table 2 HFEM/LAT-lacZ, using the viral LAT promoter, we of iron to an iron-sulfur cluster in IRF, has been proposed to regulate the affinity of IRF for the IRE.
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found that there were 89-fold more cells positive for ␤-gal transcript than for ␤-gal enzyme in acutely infected The nucleotide differences between the HFEM/NFlacZ and HFEM/LAT-lacZ virus sequences in this region trigeminal ganglia and a 10-fold difference in latently infected trigeminal ganglia. Therefore, we concluded that are the deletion of 140 bp between the PmlI and StyI sites of the LAT promoter region and the insert of 1.8 kb of expression of the ␤-gal reporter gene at the transcriptional level is not correlated with its expression at the the neurofilament promoter in the HFEM/NF-lacZ virus (see Figure 1 ). This 140 bp viral sequence consists of most translational level in HFEM/LAT-lacZ, the LAT promoter-driven lacZ construct.
of the 5′ untranslated region (UTR) for the LAT promoter-driven ␤-gal reporter gene of HFEM/LAT-lacZ Why is there a significant difference between lacZ mRNA and enzyme expression in HSV-1 strain (see Figure 6 ). Using the 'fold' computer program 62 from the GCG package of programs (version 7) to determine HFEM/LAT-lacZ in which the lacZ is driven by the LAT promoter compared to HFEM/NF-lacZ in which it is and compare the 5′ UTR mRNA structure between the LAT cap and AUG of the lacZ reporter gene of driven by the neurofilament promoter? One possible explanation is that the 5′ UTR mRNA structure between HFEM/LAT-lacZ, we found that this approximately 100 bp of 5′ UTR mRNA contains about four putative stem-LAT cap site and the AUG initiation codon of lacZ may be responsible. It has been well documented that mRNA loop structures with a free energy of −58 kcal/mol. 62 In contrast to the 5′ UTR of HFEM/LAT-lacZ, the 5′ UTR structure and protein synthesis are interconnected in multiple ways (for review see Refs 58 and 59) .
between the neurofilament cap and AUG of the lacZ reporter gene of HFEM/NF-lacZ contains only one putaKozak 60 reported that introduction of a moderately stable stem-loop structure with a free energy of −30 tive stem-loop structure with a free energy of −22 kcal/mol. Thus, the stable stem-loop structure of the 5′ kcal/mol into a reporter mRNA, 12 nucleotides away from the m 7 G cap, profoundly diminished translation in UTR between the LAT cap site and AUG of the lacZ reporter gene may contribute to the inefficiency of transvitro. Glycerol gradient analysis revealed this to be a consequence of the −30 kcal/mol structure blocking lation of ␤-gal enzyme in trigeminal ganglia acutely and latently infected with HFEM/LAT-lacZ virus. access of the 43S pre-initiation complex to mRNA when in a cap proximal position. The same structure placed 52
In conclusion, the LAT promoter is favored for foreign gene expression in HSV gene therapy vectors because it nucleotides downstream from the m 7 G cap did not diminish translation.
is expressed during viral latency. However, the LAT sequences between the 5′ end of the LAT transcript and In addition to regulation by mRNA structure per se, translation initiation may be regulated by the binding of the AUG sequence initiating translation substantially inhibit translation. This can lead to discrepancies when repressors or activators to the 5′ UTR. Ferritin mRNA, in which binding of a repressor protein regulates transcomparing gene expression from various promoters and the LAT promoter, as is seen with ␤-gal constructs used lation, is a well studied case. 61 In this case translation is controlled by the availability of molecular iron in the cells to monitor LAT and NF promoter activity in HSV. and is mediated via a stem-loop structure, the iron regulatory element (IRE), that is positioned close (within 40 Materials and methods nucleotides) to the 5′ cap structure of the mRNA. A protein, termed iron regulatory factor (IRF), binds to the IRE Cells and virus strains CV-1 cells and BHK cells were cultured in Eagle's miniwhen iron levels are low and prevents ferritin mRNA translation. An 'iron switch model', based on the binding mum essential medium (MEM) (Gibco Laboratories, Gai- thersburg, MD, USA) supplemented with 200 g/ml Animal inoculation and tissue preparation Female BALB/c mice (cBYJ; Jackson Laboratories, Bar penicillin, 100 g/ml streptomycin, 2 mm l-glutamine and 5% calf serum (Gibco Laboratories). The parental Harbor, ME, USA), 4 to 6 weeks old, were anesthetized with metaphane. Corneas were scarified with a 27-gauge virus was the HSV-1 strain HFEM, which has a 4.1 kb deletion between coordinates 0.762 and 0.789, correneedle and inoculated with 10 5 to 10 6 p.f.u. of HSV-1 virus (HFEM or recombinant viruses) in each eye, as sponding to the HpaI DNA restriction fragment P of the intact viral genome. 39 described previously.
8
In situ hybridization and probes Bacteria strains and plasmid construction Plasmids were isolated and propagated in Escherichia coli
In situ hybridization was performed as previously described. 16 Trigeminal ganglia from BALB/c mice were strain JM109 (Promega, Madison, WI, USA). All cloning steps and plasmid propagations were performed by stanserially sectioned. Positive cells in every third section were counted. The latency associated transcript (LAT) dard procedures.
63
Plasmid pNF-lac was constructed from pLAT-lac2 as probe (0.9 kb BstEII-BstEII fragment) was isolated from the plasmid pXhoI-SalI. 67 ␤-Galactosidase probe (624 bp follows: a 1.8 kb HindIII-BamHI neurofilament promoter fragment from pNF-L (Bam) 64 was inserted into the HinHpaI-HpaI fragment) was obtained from the plasmid pCH110 (Pharmacia Biotech, Uppsala, Sweden). DNA dIII-BamHI sites of Bluescript (KS), resulting in pNF-KS (4.8 kb). Then a 1.8 kb HindIII-SpeI fragment, containing probes were gel purified and nick translated as described previously. 16 The specific activities of the nick-translated neurofilament promoter from pLAT-lac2 was inserted into the 9.4 kb PmlI-SpeI vector resulting in a pNF-lac. 35 S-labeled probes were 1 × 10 8 to 2 × 10 8 c.p.m./g. Plasmid pLAT-lac2 is described in Huang et al.
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DNA extraction from tissues This has been described previously. 68 Briefly, three pairs Recombinant virus construction and screening Recombinant virus HFEM/LAT-lacZ was constructed by of trigeminal ganglia of mice were rinsed with ice-cold phosphate-buffered saline and Dounce homogenized in an in vitro ligation and transfection method. 65 Recombinant virus HFEM/NF-lacZ was constructed by homologous ice-cold 160 mm NaCl 50 mm EDTA 5 mm Tris (pH 8.0). Sodium dodecyl sulfate and pronase were added to 0.5% recombination between plasmid pNF-lac and virus HFEM. XhoI linearized pNF-lac, along with viral DNA HFEM were and 1 mg/ml, respectively, and the mixtures were incubated at 37°C overnight. The digests were extracted with cotransfected into CV-1 cells by the calcium phosphate precipitation method. 66 Following transfection, the cells were phenol, phenol-chloroform, precipitated in ethanol, and then resuspended in 10 mm Tris 1 mm EDTA (pH 7.4). incubated in Eagle's MEM supplemented with 10% calf serum. When maximal CPE was observed, the transfection
The extracts were incubated with RNase (100 g/ml) at 37°C for 2 h and then with proteinase K (100 g/ml) at mixtures were harvested and secondary infection with progeny virus at limiting dilutions was performed. One day 37°C for an additional 2 h, extracted with phenol, phenolchloroform and precipitated in ethanol. DNA amounts after infection, cells on each plate were overlaid with 0.5% agarose (FMC BioProducts, Rockland, ME, USA) containing were measured by A 260 . 60 g/ml X-gal and Eagle's MEM supplemented with 10% calf serum. After incubation for 2 days at 37°C, blue plaques DNA analysis were picked. All viruses were purified to homogeneity through three or four rounds of plaque purification, and Dot blot of DNA: DNA samples were applied on to a GeneScreen Plus membrane (NEN Research Products, viral DNA was analyzed by restriction enzyme digestion followed by Southern hybridization.
Boston, MA, USA) which was placed in a Schleicher &
